The stability of core-shell particles (CSPs) with butyl acrylate (BA) as the core and methyl methacrylate (MMA)/glycidyl methacrylate (GMA) mixture in various compositions as the shell was investigated by turbidity measurements. The experiments demonstrate that lower amount addition of GMA could not improve the latex stability. When the amount of GMA exceeded 2% of the total reactants, it began to improve the stability of the latex. With the increasing content of GMA, the latex became more and more stable. On the other hand, experimental data also show that the stability was improved by increasing the concentration of sodium dodecyl sulfate (SDS).
Introduction
There is no doubt that the DLVO theory [1] is very useful for explaining the stability of colloidal dispersions. This theory was independently developed by Derjaguin and Landau and by Verwey and Overbeek in the forties of the last century [2, 3] . According to this theory, the total interaction potential (V T ) between two colloidal particles is the sum of the repulsive electrostatic interaction energy (V R ) and the attractive van der Waals energy (V A ):
Here, V R is a plus value and V A is a minus value. Make the total interaction energy as a function of the distance between the particles. At very short distances, a deep potential energy minimum occurs, termed as the primary minimum. At intermediate distances, the electrostatic repulsion makes the largest contribution and hence a maximum occurs in potential energy of magnitude Vmax; this position is termed the primary maximum. At greater distances, the exponential decay of the electrical double layer term causes it to fall off more rapidly than the power law of the attractive term and another minimum occurs in the curve, of depth V sm , termed the secondary minimum. If particles approach each other with sufficient kinetic energies to overcome Vmax, coagulation will occur in the primary minimum and the latex will be destabilized.
The Vmax value depends on the surface electric potential of the particles, electrolyte concentration in the medium, valence of the counter ions, particle size and Hamaker constant. In particular, an increase in the electrolyte concentration causes a decrease in Vmax because the ions diminish the repulsive electrostatic interactions between the particles.
Thus, there will be an electrolyte concentration (the so-called critical coagulation concentration, CCC. [1] ) at which the energy barrier vanishes (Vmax=0). From an experimental viewpoint, however, there is no doubt that the CCC value is a very important quantity to evaluate the stability of the latex. The higher the CCC value, the more stabe is the latex. It can be obtained from the intersection points of the straight logW-logC (C is electrolyte concentration) line with the x-axis，so the stability ratio (W) is a criterion for the stability of a colloidal system.
Theoretically, W can be obtained through the following equation [4, 5] :
where β(H) is the hydrodynamic correction factor. Its dependence on H can be expressed as [6] :
The attractive London-van der Waals energy V A is expressed as [6] :
The repulsive electrostatic energy V R takes the following form [3, 7] :
where κ is the inverse of the Debye length, given by the following equation:
Eq.2 can be written in short [8] :
In which K r is the rate constant for rapid coagulation, and K is a rate constant for slow coagulation.
In equation (2)- (6), where α is the particle radius, H is the distance between the surface of the particles, A is the Hamaker constant, ε 0 is the dielectric constant of vacuum, ε r is the relative dielectric constant of the medium, φ 0 is the surface potential of the particles, e is the electron charge, k B is the Boltzmann constant, T is the absolute temperature, n i is the number concentration in the bulk of ions of type i, and z i is the valence of such ions.
The CCC value can be obtained by a variety of methods such as particle counting, static light scattering, dynamic light scattering, zeta potential, turbidity measurement etc [9] [10] [11] [12] [13] [14] [15] .
The latex stability can be improved by using surfactant, such as SDS which can provide a heterogeneous reaction system with a potential energy barrier against coagulation. The potential energy barrier is attributed to the repulsive force between the negatively charged electric double layers of the dispersed particles. Nevertheless, the surfactant molecules remaining in the latex product can have a negative effect on the application properties such as mechanical property and water resistance etc. One approach to overcome the surfactant migration problem is to reduce the level of surfactant used in the recipe. However, the latex stability can be greatly reduced, and a significant amount of coagulum can form during the monomer addition period. So, the object of this work is to study the grafting polymerizing amount of GMA onto butyl acrylate latex to increase the latex stability. As there is an epoxy group in GMA, theoretically, epoxy group is hydrophilic group which can be stable in water.
Results and Discussion
A series of experiments of the same content of PBA grafted with different contents of MMA /GMA mixture (but the total contents of MMA and GMA were fixed) were run to investigate the effect of GMA on the stability of the acrylic latex with MgSO 4 as electrolyte. All the experiments were done in duplicate to ensure the repetitiveness of the results. The effect of the concentration of SDS to the stability of the acrylic latex was also investigated. Fig. 1-4 are the relations between logW and logC from which CCC values were obtained. The results are in agreement with the DLVO theory: logW decreases as the salt concentration increases until a certain value (CCC value) is reached, in addition, it was proposed by scholars in the early time who gave an empirical relation:
where k 1 and k 2 are constants [16] . From the Eq.(8) ,we can obtained CCC value when W =1. The GMA concentration (%) studied was from 0% to13 % (wt) of the total reactants.
The CCC values got from Fig.1-4 show that in any concentration of SDS, low amount of GMA (lower than 2%) did not improve the latex stability. Nevertheless, increasing the concentration of GMA from 2% to 13% of the total reactants gradually, the improvements of stability were stronger gradually. This is probably because that there is an epoxy group in a GMA monomer. The epoxy group is hydrophilic group which can make latex particles more steadily exist in the latex. That is to say: as the stronger electronegativity of the oxygen ion in epoxy group, opposite charges can be easily attracted around it. The same electric charges around latex particles cause repulsive forces among the particles, and they are not prone to coagulation, so the stability of the latex increases. Also, electronegative oxygen ions in the latex can form hydrogen bonds which cause the latex particles exist in the latex more steadily. Because of the hydrogen bonds between epoxy groups and water, many water molecules are fixed on the surface of the latex particles. The spatial volume and the double layer of the latex particles expand. So GMA-rich portion of the copolymers act as steric stabilizer providing the stabilization against electrolytes and thus the stability of the latex was improved. When the content of GMA is lower, there is not enough epoxy groups making the latex more stable. When the content of GMA exceeds 2% of the total reactants, with the increasing content of GMA, there would be more and more epoxy groups to make the latex more and more stable. 5 shows that the latex stability was improved by increasing the concentration of SDS from 0.9% to 2.0%, i.e., for example from point C (the CCC value is 0.128 mol/L) to A (the CCC value is 0.16 mol/L). It is because, when the concentration of the surfactant was lower, it could only cover part of surface of the latex particles. The particle surface charge density and surface potential were relatively lower and the electrostatic repulsion among particles was lower. So the particles were prone to coagulation and the latex stability was relatively lower. With the increasing content of the surfactant, the particle surface charge density and surface potential were relatively higher. The higher electrostatic repulsive among the particles made the coagulation harder, so the latex stability increased. This is also in agreement with the DLVO theory.
A and B are two points at the same CCC value (it indicates that A and B have the same stability) with different GMA concentration and SDS concentration in Fig. 5 . The SDS concentration of point A is higher than B, and the negative charges of point A is lower than B. To obtain the same stability, the epoxy groups compensate partly the action of the negatively charged SDS stabilizer besides the steric effect. So we can see higher GMA concentration need lower SDS concentration to get the same stability. In the emulsion polymerization, the pH values were controlled at about 7, so the epoxy groups were stable and the hydrolysis of epoxy groups were not liable to occur. From Tab.1 we can see the experimental values of the content of GMA in polymers are close to the theoretical values. The extent of hydrolysis of epoxy groups was slight, so we can ignore the influence the hydrolysis of epoxy groups on the latex stability. 
Tab. 1.

Conclusions
The study of the stability of acrylic latex was carried out by using turbidity measurements to obtain the CCC values. MgSO 4 was used as electrolyte. The results show that the latex stability was improved when the concentration of SDS was increased. When adding small account of GMA (lower than 2%) to the total reactants, the latex stability almost did not change. When the content of GMA exceeded 2% of the total reactants, the latex stability began to increase obviously. 
Experimental Section
Materials
Polymerization Process
The polymerization process was divided into two periods. The first period was synthesis of core latex. The deionized water and certain amount of SDS (0.9%,1.2%, 1.5%, 2% of the total monomer ) were loaded in a 1 liter glass reactor with stirring under nitrogen for 20 min to remove the dissolved oxygen, while the reactor was heated to 70 0 C in a water bath. Then the KPS solution, BA, and EGDMA were added respectively and the reaction was maintained at 70 0 C for 2 h to synthesize seed latex, and then added residual BA monomer by a pump to the seed latex for the secondary nucleation.
Tab. 2.
Core latex recipes used in the polymerization process. After the residual BA monomer feeding, the reaction system was maintained at 70 0 C for 2 h. The recipes are given in Tab. 2. The second period is the synthesis of core-shell particles. Add MMA/GMA mixture to the core latex by a pump. Also, after the polymerization, the reaction system was maintained at 70 0 C for 1 h to reduce the level of the residual monomer. The recipes to synthesize a variety of CSP particles are given in Tab. 3. The C series in Tab.3 are product symbols for CSPs with different GMA concentration. In this paper, the ratio of core to shell is 80/20 (wt/wt).
Test Method
Measurement of CCC The UV754N spectrophotometer was used to determine the critical coagulation concentration (CCC). In a typical coagulation experiment, 1 ml of MgSO 4 of a given concentration was put into the spectrophotometer cell and 1 ml of a dilute latex solution (diluted to 600 times) was quickly added. The optical absorbance (A) was measured immediately and its change vs. time (t) was recorded continuously for a period of 5 s. The curves were linear in the early stages of coagulation whatever the electrolyte concentration. The initial slope of such curve is directly proportional to the initial coagulation rate. Slopes increased with increasing electrolyte concentration until a maximum was reached: the critical coagulation concentration (CCC). At higher electrolyte concentrations there was no further increase. The slope at the CCC was taken as the fastest coagulation rate of the latex .The stability factor (W) values for each electrolyte concentration (C) were calculated from the following equation:
where (dA/dt) f is the initial slope in fast coagulations and (dA/dt) s is the initial slope for lower electrolyte concentrations. LogW values were then plotted vs. logC. The CCC value was obtained from the intersection points of the straight logW-logC line with the x-axis (stability factor vs. concentration) [17, 18] .
Measurement of the content of epoxy group
The epoxy groups in the CSPs were provided by the GMA components. According to the reaction mechanism of seeded emulsion polymerization, the epoxy groups will locate in the shell region and thus should be easily detected. In this study the content of epoxy groups were investigated by FTIR spectroscopy to determine the GMA content in each CSP.
